Introduction
Takotsubo syndrome (TTS) is characterised by transient systolic left ventricular dysfunction. Its clinical presentation, electrocardiography (ECG) findings, and biomarker profiles are often similar to those of an acute coronary syndrome [1] . TTS predominantly affects elderly women and is often preceded by emotional or physical stress [1] . Epileptic seizures as triggering events of TTS have to date been described in nearly 100 cases [2, 3] . The temporal association between epileptic seizure and onset of TTC is frequently unknown due to postictal somnolence or lack of cardiologic surveillance after a seizure. Here we describe a patient who developed TTS only 48 hours after a witnessed epileptic seizure. This case report required no ethical approval because the data was collected retrospectively. The patient was informed that her case was being observed in terms of a scientific observation and she accepted the fact that her case would be described.
Case report
A 67 year-old Caucasian female, height 165 cm, weight 70 kg, was admitted because of three generalised, tonic-clonic seizures having occurred on the day of admission. She had a history of childhood onset epilepsy of generalised type starting at the age of 12 years which had not been well controlled due to poor adherence. Furthermore, she had a ten year history of arterial hypertension, pneumonia at age 26 and again at age 57, a fall-induced fracture of the humerus at age 62, and a bilateral ovarectomy because of benign cysts at age 66. In the four weeks prior to admission she had felt increasingly weak and had suffered several falls. She was on medication of lamotrigine 500 mg/d (for epilepsy), clonazepam 2 mg/d (for epilepsy), primidone 375 mg/d (for tremor), folic acid 5 mg/d, acetylsalicylic acid 100 mg/d and nebivolol 1.25 mg/d. She admitted that she had failed to take the medications according to the prescription on the days before admission.
On admission, she did not complain of cardiac or respiratory symptoms. Blood pressure was 104/70 mm Hg and heart rate 104/min. Clinical cardiological investigation did not disclose any abnormalities. The electrocardiogram (ECG) was normal except for sinus tachycardia (Fig. 1) .
Blood tests showed hyponatremia, creatine kinase levels within the normal range, and an elevated troponin T level (Tab. 1). Clinical neurological exam on admission revealed deviation nystagmus, dysarthria, dyspraxia, hearing impairment, and postural tremor.
Electroencephalography revealed spikes in the frontal projections bilaterally. Magnetic resonance of the brain revealed a patchy T2-hyperintensity in the right parietal projection and multiple spot-like T2-hyperintensities, which were hypointense on T2-weighted images. Neuropsychological investigations revealed mild cognitive impairment (MMSE 25).
Over the following 24 hours, troponin levels decreased, CK levels increased slightly, and NT-pro-BNP levels were elevated (Tab. 1). 48 hours after admission, the patient complained for the first time of anginal chest pain. ECG, which had been normal on admission, now showed negative T waves and a prolonged QT interval (Fig. 1) . Since a non-ST-elevation myocardial infarction was suspected, the patient received a loading dose of 600 mg clopidogrel, followed by clopidogrel 75 mg/d. Coronary angiography, carried out four days after the seizure and two days after the onset of chest pain, showed normal coronary arteries and midventricular ballooning, suggesting the diagnosis of TTS. Echocardiography after seven days showed normalisation of regional wall motion, a normal 
Discussion
The most probable trigger for TTS in the presented patient was the epileptic seizure, since no other physical or emotional triggering events were detected. Why chest pain occurred only two days after the seizures remains unknown. The mechanism of the delay between seizure and TTS may be related to autonomic instability or more prolonged catecholamine release despite seizure control. Alternatively, it is possible that clinically silent seizures continued despite apparent resolution.
To date, the pathogenesis of TTS has not been completely clarified [1] . Elevated catecholamine levels seem to play an important role. In patients with an epileptic seizure, a significant increase in both plasma norepinephrine and epinephrine levels has been observed due to abnormal cerebral discharges [4] . Elevated serum catecholamine levels have been only described in two epilepsy-associated TTS cases to date [5, 6] .
The negative T-waves in the ECG, together with chest pain and elevated troponin levels, led to the decision to perform coronary angiography and thus to the diagnosis of midventricular TTS. Negative T-waves in TTS are assumed to be due to myocardial oedema. This assumption is based on clinical observations such as the parallel time course of development and resolution of ventricular repolarisation abnormalities and myocardial oedema on initial and follow-up cardiac magnetic resonance images [7] .
Interestingly, troponin was elevated on admission, although the patient showed no signs of myocardial ischaemia, neither clinically nor in the ECG at that time. Troponin elevations have been reported to occur in 6-12% of cases after epileptic seizures [8] [9] [10] . It is assumed that seizures lead to simultaneous increases in pulmonary and systemic resistance, hypoxemia, and catecholamine release, thus inducing myocardial damage [8] . Unfortunately, the ECG findings of patients from two of these series are not completely reported, thus it cannot be assessed how many of them eventually developed TTS [8, 9] . In the third study, however, the patients were investigated cardiologically more extensively and TTS was diagnosed in 27% of the troponin-positive patients [10] .
Unfortunately, no serum levels of lamotrigine were assessed when the patient was admitted, but only after discharge. Thus, it cannot be assessed if TTS was encouraged by lamotrigine overdose, which is known to affect the cardiac conduction system [11] . TTS in epileptic patients, however, occurs also in patients without antiepileptic therapy, thus it cannot be explained exclusively as a side effect of antiepileptic drugs [2, 3] . From these findings and our case we conclude that TTS should be considered as a complication of epileptic seizures. Due to the fact that after epileptic seizures patients do not typically experience symptoms of angina pectoris or dyspnoea, TTS can easily be overlooked. After an epileptic seizure, an ECG and an assessment of troponin levels should be carried out. Where troponin is elevated, cardiological surveillance is recommended including a follow-up ECG, an assessment of brain natriuretic peptides, and echocardiography. Cases with wall motion abnormalities or ECG abnormalities should undergo coronary angiography.
